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STRACT 
This report  presents the  r e s u l t s  of a study t o  develop an improved 
universal  posit ion indicator  switch f o r  use on Kennedy Space Center (KSC) 
Launch Complex 39 (E-39) service arms. 
Chrysler Corporation Space Division (CCSD) fo r  t h e  National Aeronautics 
and Space Administration (NASA) under contract NAS 10-6063 e 
The study was performed by 
The scope of t h e  study included a determination of desired universal  
posi t ion switch charac te r i s t ics ,  a survey of the state-of-art, se lect ion 
of t e s t  candidates, design ver i f ica t ion  t e s t i n g  and evaluation, and 
refurbishment of t e s t  samples t o  incorporate cer ta in  design changes found 
t o  be desireable during tes t ing .  
The study revealed a lack of off-the-shelf switches which have charac- 
t e r i s t i c s  approaching those determined t o  be desireable f c r  t h i s  
application. 
tes t ing .  
minor design changes and repackaging. 
Three switch designs were selected for  design ver i f ica t ion  
Two switches were new designs and t h e  t h i r d  switch involved 
Two of t h e  three  switch designs,afler incorporation of design changes 
t o  correct def ic iencies  i n  contact r a t i n g  (60 Hz) and vibrat ion 
capabi l i t i es ,  respectively, a re  su i tab le  candidates f o r  qua l i f ica t ion  
t e s t i n g  and use on LC 39 .  The t h i r d  switch design requires repackaging 
i n t o  a smaller volume i n  order t o  receive fur ther  consideration. These 
switch designs o f f e r  many improved operational charac te r i s t ics  over 
exis t ing switches, together with a subs tan t ia l  cost  reduction potent ia l .  
The improved char-aeteristics include an increased a b i l i t y  t o  withstand 
s ide loads, increased pre-travel and overtravel, reduced d i f f e r e n t i a l  
travel , and incre  as ed r e  peat a b i l i t y  
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Section 1 
1.1 OBJECT 
The object of t h i s  report  i s  t o  summarize the  a c t i v i t i e s  of CCSD during 
a 17-month study t o  develop an improved universal  posit ion switch for  
use on KSC LC-39 service a r m s .  
NASA-KSC under contract NASlO-6063. 
main Tasks. 
requirements f o r  a universal  switch, determining t h e  state-of-art, and 
select ion of test  candidates. 
design, procurement, fabr icat ion,  t e s t i n g  and evaluation of +,est samples, 
and incorposation of design changes determined t o  be desireable during 
t e s t ing  . 
This study was  performed by CCSD f o r  
The e f fo r t  was  divided i n t o  two 
Task I - Analysis a c t i v i t i e s  included establishment of 
Task I1 - Testing a c t i v i t i e s  included 
1.2 
1.2.1 
CONCLUSIONS 
Task I - Analysis 
The e f f o r t s  of CCSD during Task I have already been documented i n  CCSD 
Technical Report TE-EE-68-37, "Task I Report, Study t o  Develop an Improved 
Univepsal Position Switch fo r  Launch Complex 39 Service A r m  dapplicat ion". 
The conclusions of Task I are  b r i e f ly  summarized i n  t h e  following para- 
graphs. 
1.2.1.1 Character is t ics  of Universal Switch 
The charac te r i s t ics  f o r  an improved universal  posit ion switch intended fo r  
service arm applications where r e t r o f i t  of ex is t ing  switches i s  not a main 
concern were determined and are  tabulated i n  t a b l e  A-1, Appendix A. 
1.2.1*2 State-of-Art Survey 
The survey of t he  state-of-the-art for  posit ion switches indicated t h a t  
there  were no '!off-the-shelf" switches being manufactured which could meet 
or  exceed t h e  universal  posit ion switch charac te r i s t ics .  
the  manufacturers contacted during t h i s  survey and the s ign i f icant  features 
of each manufacturer's design is presented i n  t ab le  A-2, Appefidix A. 
A tabulat;ion of 
1.2.1.3 . Test Candidate Selection 
Three candidate switches as indicated i n  Table 1-1 were selected for  
inclusion i n  the Task I1 - Testing e f fo r t .  
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Table 1-1 Summary of Selected Test Candidates 
Reasons f o r  
Selection 
2. Low cost 
3 .  Interchangeable with 
present switches 
SKEE-160 
/Ele ctro- 
Hybrid 
Mechanic 
opt ic  
C CSD 1. Improved Functional 
Character is t ics  
2. Low cost  
3. Mechanically in te r -  
changeable with 
present switches 
SKEI3-161 ectro-/l e Hermetically-sealed 
Sonic moving par t s  
Control 2. No contact between 
switch and prime 
mover 
New Design 
New Design 
Repiackaging, 
c i r cu i t ry  modif i- 
cat: ion 
Figures B-1 and B-2, Appendix B, show assembly drawings and o;3erational 
requirements of t h e  CCSD b u i l t  switches. 
drawing and operational requirements f o r  t he  proximity switch,, SKEE-161 e 
Figure B-3 shows an out l ine  
1.2.2 Task I1 Testing 
1.2.2.1 Mechanical Switch, SKEE -159 
The mechanical switch provided improved functional-operationas characteris-  
t i c s  e Testing ver i f ied  t h a t  t h e  actuator mechanism design was sat isfactory.  
However, f a i l u r e  cf the  in t e rna l  switching un i t s  t o  meet t he  contact ra t ing,  
coupled with t h e  unavai labi l i ty  of s a t i s f ac to ry  d i r ec t  replacement switches, 
necessitated a s ign i f icant  redesign of t h e  in t e rna l  switch configuration. 
Redesigned mechanical switch, SKEE-159B, has t h e  required contact ra t ing,  
i s  capable of providing t h e  same improved operating charac te r i s t ics  and 
u t i l i z e s  t h e  same actuator mechanism as the  SKEE-159 switch. The limited 
functional t e s t ing  of t h e  refurbished switch confirmed t h a t  t h i s  redesigned 
switch w i l l  perform sa t i s f ac to r i ly ,  
1.2.2.2 Electro-opt ical  Switch, SKEE-160 
The electro-optical  switch provided improved functional-operational and 
e l e c t r i c a l  charac te r i s t ics  e 
design, and the  e l e c t r i c a l  c i r cu i t  design was sat isfactory;  however, f a i l u r e  
of a r e l ay  during vibration and the  marginal vibration capabi l i ty  of t h e  
electronic  support bracket, necessitated redesign of these affected 
components, 
Testing ve r i f i ed  t h a t  t h e  actuator mechanism 
1-2 
Redesigned switch SKEE-160~ has much greater vibrat ion resistance,  and 
an 18-36 vdc input voltage capabi l i ty .  
providing the  same improved functional-operational and e l e c t r i c a l  
charac te r i s t ics ,  and u t i l i z e s  t h e  same actuator design as t h e  SKEE-160 
switch . 
I n  addition, it i s  capable of 
Limited functional.  t e s t i n g  of a switch refurbished t o  include t h e  needed 
design changes confirmed t h a t  t h e  redesigned switch w i l l  perform sa t i s fac to-  
r i l y .  
1,2.2.3 Proximity Switch S K E E - ~ ~ ~  
Testing confirmed t h a t  t h e  proximity switch is generally capable of meeting 
a l l  requirements. 
manufacturing and qua l i ty  control techniques e 
However, t he re  is a need f o r  improved packaging, 
1.3.1 Universal Posit ion Switch Character is t ics  
It i s  recommended t h a t  t h e  universal  posit ion switch charac te r i s t ics  as 
determined during Task I should be revised t o  h e  
defined requiremer;ts, l i s t e d  i n  t ab le  1-2. 
t h e  rwrised, b e t t e r  
Table 1-2, Revisions t o  Universal Switch charac te r i s t ics  
Type 
Char act erist i c  
Design and 
Construction 
Functional- 
Electrical. 
Performance 
Functional- 
Oper at iondl  
Performance 
Environmental 
Perf orname 
It em 
~ 
Terminat ions 
Contact 
Arrangement 
Input Power 
Dif fe ren t ia l  
Travel 
High Temp. 
Universal Switch Requirement 
Direct actuated switch; mobile ball-plunger; 
maximurn angle of approach-30 degrees 
Connector t o  mate with MS3106-14-6S 
Passive Switch: DPDT 
Active Switch: SPDT 
Passive Switch: Zero 
Active Switch : 18 t o  36 VDC 
Direct actuated switch: 0.0251 inch 
maximum (mechanical) 
Direct actuated switch: 0,010 inch maximum 
( electro-optical.) 
Proximity switch: l e s s  than 1/10 of sensing 
distance 
+160° F s tab i l ized  
* 
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1.3.2 Mechanical Switch SKE3-159B 
It is recommended t h a t  t he  redesigned mechanical. switch be considered 
f o r  qua l i f ica t ion  t e s t i n g  f o r  application as a replacement f o r  present 
switches. This switch o f f e r s  improved mechanical character is t ics ,  i s  
completely interchangeable with the presently used switches, and o f fe r s  
a s ign i f icant  cost  reduction potent ia l .  
1.303 Electro-optical Switch. SKEE-16QB 
It is recommended t h a t  t h e  redesigned electro-optical  switch be considered 
f o r  qua l i f ica t ion  t e s t i n g  fo r  uses in future  applications where an exbremely 
accurate, repeatable posit ion detect ion is needed o r  i n  present o r  fu ture  
applications where a prime consideration is the  capabi l i ty  t o  replace a 
switch without necessi ta t ing recal ibrat ion of t he  entire system. 
1.304 Proximity Switch, SKEE-161 
Although t h i s  switch o f f e r s  t h e  greatest  potent ia l  fo r  meeting all universal  
switch requirements, it cannot be d i r ec t ly  applied t o  t h e  majority of 
applications. For t h i s  reason, it is not recommended t h a t  ary qual i f ica t ion  
t e s t ing  be performed. However, fo r  fu ture  design of swing arms, it is  
recommended t h a t  consideration be given t o  qualifying a repackaged ( s i z e  
reduction) switch b u i l t  under more s t r ingent  qua l i ty  control surveil lance.  
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Section 2 
m e  of Motion 
t o  be Detected 
DISCUSSXON 
No. of Applications 
r 
2.1 INTRODUCTION 
Problems have been experienced f o r  various reasons with posit ion indicator  
switches used on KSC service arms at LC-39. Some of t h e  problems were a 
r e su l t  o f t h e  severe environments encountered at KSC, such as t h e  exposure 
t o  salt spray, temperature cycling, humidity, e t c ;  Other problems arose 
because of infrequent operation of equipment. The main problems, however, 
appear t o  be caused by d i f f i c u l t y  i n  adjusting switches, and by other 
generally poor mechanical charac te r i s t ics .  
For t h i s  reason, a Request fo r  Quotation (RFQ) fo r  a study contract  t o  
develop an improved universal  posit ion switch was issued in' May 1968. 
A synopsis of t h e  previously reported Task I - Analysis a c t i v i t i e s ,  and 
t h e  complete CCSD a c t i v i t i e s  during Task I1 - Testing are discussed i n  t h e  
following pages. 
2.2 TASK I - ANALYSIS 
2.2.1 Determination of Requirements f o r  Universal Posit ion Switch 
2.2.1.1 Background Elf ormat ion 
The requirements for t h e  improved universal  posit ion switch were determined 
view, analysis, and evaluation of all avai lable  documentation on t h e  
present switches and ins ta l la t ions ,  and by f i r s thand  inspection of ac tua l  
i n s t i l l a t i o n s .  
indicated t h a t  i n  t h e  majority of applications, t h e  switches were u t i l i z e d  
t o  provide indications only. 
precise indications of position, but r a the r  t o  give indications of posit ion 
extremes such as:  door closed, gate ra ised,  arm retracted,  etc. I n  a 
number of applications it was evident t h a t  d i f f i c u l t i e s  were encountered 
i n  properly adjusting t h e  switch and ensuring t h a t  t h e  overtravel cap- 
a b i l i t i e s  were not exceeded. 
A survey of t he  present service arm switch applications 
They were not required t o  provide extremely 
A breakdown of t h e  various types of motions t o  be detected confirmed the  
need for  a universal  type actuation as indicated i n  t a b l e  2-1. 
Table 2-1 Posit ion Switch Applications 
Axial 
Lat  e r a  
Rotary 
53 
47 
40 
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2.2.1.2 Universal Switch Character is t ics  
Table A-1 i n  Appendix A, presents t he  charac te r i s t ics  f o r  an improved 
The t a b l e  a l so  includes the  ex is t ing  require- 
ments f o r  switches used on t h e  service arms and t h e  requirements t h a t  t h e  
exis t ing switches meet. 
s i t i o n  switch. 
Under Design and Construction, two very s ignif icant  new charac te r i s t ics  
were specif ied.  
another sfi tch of t h e  same type without requiring system reca l ibra t ion .  
This requires  t h a t  a l l  switches of a given design have a very accurate, 
repeatable operate point. 
actuation from any direction, eliminating t h e  need fo r  keying. Both 
capab i l i t i e s  would g rea t ly  f a c i l i t a t e  i nd ta l l a t ion  and application of 
switches. 
i s t i c  which w a s  specif ied was an input power requirement. 
range was  determined t o  be acceptable. 
revised t o  18 t o  36 VDC. 
One was t h e  capabi l i ty  of a switch being replaced by 
The other was  t h a t  t h e  switch be capable of 
Under Functional-Electrical performance, t h e  only new character- 
A 22 t o  32 VDC 
(Later, i n  Task 11, t h i s  was 
Under Functional-Operational performance, a number of s ign i f icant  changes 
were made. For direct-actuated switches, a nominal pre-travel of 0.25 
inch w a s  specif ied which represented a s igni f icant  increase over t h e  0.05 
inch nominal pre-travel of present switches. 
i n s t a l l a t i o n  t o  be designed so t h a t  t h e  actuator could remain i n  contact 
with t h e  cam t o  minimize impact, s ide  loading, and reduce t h e  poss ib i l i t y  
of bounce. Similar ly  a nominal 0.5 inch overtravel requirement was 
specified.  This represents a s igni f icant  increase over the  0.12 inch nominal 
t r a v e l  of present switches. 
properly i n s t a l l i n g  and adjusting switches a r e  greatly al leviated.  
This would permit an 
With the  increased overtravel, t i e  problems of 
.Another s ign i f icant  change was t h e  def in i t ion  of side-load capabi l i ty .  
capabi l i ty  of operating wi th  force applied at an angle of 40° degrees from 
the  normdl was  specified.  
majority of cam type applications t h e  switch i s  subjected t o  .a s ide  load. 
A 
This i s  extremely important since i n  t h e  
Under Environmental-Performance, t he  only change w a s  t o  specify t h e  vibrat ion 
t e s t  as a n o n - o p e r a t h a l  t e s t  since t h e  indications a re  not required at t h e  
time of engine ign i t ion  when t h e  severe vibrat ion leve ls  a re  encountered. 
2.2.2 Determination of t h e  State-af-the-Art 
Over 40 switch manufacturers were contacted in attempting t o  determine t h e  
state-of-the art f o r  posit ion switches. A tabulat ion of t h e  manufacturers 
i s  presented i n  t a b l e  A-2, appendix A. In  some cases where a switch appeared 
promising, but required some addi t ional  developmental e f fo r t  t o  meet t h e  
requirements f o r  t h i s  application, it appeared t h a t  t h e  lack of v i s i b i l i t y  of 
a future  market deterred t h e  manufacturer from making any redesign e f f o r t ,  
The Rolamite concept was  investigated without success f o r  possible adaptation 
t o  an improved posit ion switch. 
2.2.3 Selection of Candidates f o r  Task I1 - Testing 
2-2 
2.2.3.1 Trade-off analysis 
After determining t h e  improved universal  switch charac te r i s t ics  and conduct- 
ing a state-of-the-art survey, it was  apparent t h a t  there  were no "off-the- 
shelf"  switches t h a t  possessed the  desired charac te r i s t ics .  
necessary t o  perform a tr  e-off analysis t o  se l ec t  t h e  concepts which 
offered t h e  greatest  poss ib i l i t y  of a t ta in ing  t h e  objectives of t h e  study. 
From a l is t  of nine promising concepts, t h ree  were selected. 
a mechanical switch with hproved operating charac te r i s t ics  which was 
completely interchangeable with present switches. 
a hybrid-mechanical/electro-optical switch e "his switch offered all the  
improved performance capabi. l i t ies of t h e  mechanical switch, and i n  addition 
because of a unique u t i l i z a t i o n  of an electro-optic posit ion sensor, t he  
switch could e a s i l y  be b u i l t  so t h a t  one electro-optic switch could replace 
another, without requiring recalibration/operation of t h e  system. 
switch concept however was only p a r t i a l l y  e l e c t r i c a l l y  interchangeable with 
t h e  ex is t ing  switches since it required 28 VDC power. 
w a s  a proximity switch. 
changeable with present switches, it could meet a l l  universal  switch 
charac te r i s t ics  and simplify i n s t a l l a t i o n  design, 
Thus it w a s  
They included 
A second candidate was 
This 
The t h i r d  candidate 
Although not e l e c t r i c a l l y  o r  mechanically in te r -  
2.2.3 2 Description of Candidates 
Figures B-1, 13-2 and B-3, Appendix B, l ist  t h e  operational requirements and 
show assembly/outline drawings and par t s  lists f o r  t h e  three  candidates. 
Paragraph 2.3.1 contains a detai led description of each switch. 
2 - 3  TASK I1 - TESTING 
2.3.1 Switch De&i....Fabrication and Assembly 
2.3.1.1 Mechanical Switch, SKEE 159 
A. Switch Design. The preliminary design concept established i n  Task I 
was f u l l y  detai led durirg t h e  i n i t i a l  months of Task 11. Figure B-1 
shows the  f i n a l  assembly drawing f o r  t he  switch. 
document a t ion  (engineering sket ch-type drawings) was  furnished under 
separate cover t o  t h e  NASA Technical Supervisor. 
completed switch assembly. 
develop a luw cost switch, capable of meeting a majority of t h e  
universal  posit ion switch charac te r i s t ics .  
t h e  following design constraints  were imposed: 
A complete set of 
Figure B-4 shows t h e  
A primary goal of t h e  switch design w a s  t o  
To accomplish these goals 
Standard off-the-shelf hardware should be u t i l i z e d  t o  t h e  
greatest  extent feasible .  
Pre-travel and over-travel should nominaJly be 0.25 inch and 
0.50 inch respectively.  
The actuator must be capable of withstanding side-loads. 
The switch must be mechanically and e l e c t r i c a l l y  interchangeable with 
exis t ing LC-39 switches a 
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5) Stainless  s t e e l  hardware should be u t i l i zed  t o  t h e  greatest  
extent feas ib le  e 
A dual spring actuating mechanism concept consisting of actuator- 
plunger, bearings, yoke, springs, guide rods, and associated hardware 
was  u t i l i zed .  This design was  favored over a s ingle  spring mechanism 
because it f a c i l i t a t e d  t h e  use of standard springs, was  easier t o  
adjust ,  and required less i n t r i c a t e  machining. 
A 3/8 inch diameter actuator-plunger (Find Number 5 of f igure  B-1) 
was u t i l i zed .  
length of axial sleeve bearings (F/N 2 and 3 )  provide an adequate s ide  
load capabili ty.  
Teflon-Lead powder. The bearings are manufactured by Garlock. 
formed yoke (F/N 13), which i s  r iveted t o  t h e  actuator-plunger, i s  
u t i l i z e d  t o  compress the  springs. Guide rods (F/N 17) which are threaded 
i n t o  t h e  base (F/N l), serve t o  key the  actuator t o  the  base, locate  t h e  
springs and provide a mounting f o r  t h e  s top plate .  Two simple re ta iners  
(F/N 271 are used; one re ta ins  t h e  bearing, while t h e  other i s  u t i l i zed  
i n  adjusting the  springs. 
i s  in s t a l l ed  on the  actuator-plunger shaf t  acts as a shoclc absorber i n  
the  event t h a t  t h e  actuator-plunger i s  suddenly released after being 
f u l l y  depressed. 
A Viton O-ring (F/N 4 )  mounted ahead of t h e  bearing serves t o  sea l  t h e  
in t e r io r  of t h e  switch. Viton was selected because it has indef in i te  
l i f e  and does not require age control.  
located ahead of t h e  O-ring serves t o  scrape any corrosio:i, dirt, etc. 
off  t h e  actuator shaf t .  Teflon was  selected because it has a low 
coeff ic ient  of f r i c t ion ,  and w i l l  not be affected by t h e  KSC environ- 
ment s ,  
This large diameter together with t h e  use of a I& inch 
The bearings are s intered bronze impregiated with 
A simple 
A cyl indr ica l  rubber bumper (F,/N 29) which 
A Teflon wiper (F,/N 6) which i s  
The actuator-plunger u t i l i z e s  t h e  conventional r o l l e r  wheel (F/N 8) e 
Although t h i s  does not meet t h e  universal  switch requirements, it was  
u t i l i zed  because it was not possible t o  develop a more universal  
actuator such as a ball-type during t h i s  program. 
A single-pole, hermetically-sealed Microswitch (F/N 12) manufactured by 
The Microswitch Division of Honeywell appeared t o  meet all functional 
and environmental requirements, could be obtained with a s ingle  actuator 
f o r  ganging switches, and was  selected f o r  t h e  applicatiom. A r o l l e r  
wheel type actuator f o r  the  Microswitches was  selected t o  minimize f r i c t i o n  
between t h i s  actuator arid t h e  actuator-plunger. 
construction (F/N 7) was designed t o  support t h e  switches and provide 
ad justmerit capabili ty.  After f i r i a l  adjustment , dowel pins were u t i l i zed  
t o  maintain t h e  posit ion of t he  bracket relative t o  t h e  base. 
f i n a l  Microswitch adjustment, epoxy was  u t i l i z e d  t o  maintsiri t h e  posit ion 
of t h e  switches. 
A bracket of welded 
After 
Wiring from t h e  Microswitch was routed v i a  grommets i n  t h e  s top  p la te  
t o  t h e  hermetic-sealed type connector (F/N 26). 
at t he  connector and the  Microswitch were potted t o  provide s t r a i n  
relief and moisture resistance.  
All solder connections 
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elope diameter was  determined by the  physical charac te r i s t ics  
of t h e  Microswitches. A nominal 2 inch diameter standard s t a in l e s s  
s t e e l  container was modified arid u t i l i zed  fo r  t he  cover (F/N 25). A t  
f i n a l  assembly, a f t e r  a l l  adjustments were made, t h e  cover was  welded 
t o  t h e  base. 
B. Fabrication - During t h e  course of the  fabrication, several  sub- 
s t i t u t i o n s  were necessary. They included t h e  following: 
1) Bumper (F/N 29). The bumper design was  revised t o  u t i l i z e  a 
three  layer  construction because the  cost of a sheet of material 
of the desired thickness was prohibitive. 
2) Wiper (F/N 6) - Nylon was subst i tuted fo r  Teflon because Teflon 
of t he  proper diameter could not be obtained i n  the  a l lo t t ed  time. 
3 )  Springs (F/N 10) - Cadmium-plated s t e e l  springs were u t i l i zed  i n  
place of s t a in l e s s  s tee l ,  because off-the-shelf sta:inless springs 
could not be located i n  time. 
C. Assembly - During assembly, several  minor modificatinns had t o  be made. 
These included t h e  addition of a grommet t o  t h e  s top p la te  (F/N 30) t o  
faci l i ta te  w i r e  routing. It w a s  noted during assembly ‘;hat t h e  method 
of adjusting and securing t h e  adjustment of t h e  Microswitches was 
s l i g h t l y  more involved than desireable due t o  t h e  numbe;: of par ts  
involved. 
2.3 .l. 2 Mechanical/Electro-optical Switch, SKEE-160 
A. Switch Design. Similarly as for  switch SKEE--159., t h e  preliminary design 
concept established i n  Task I w a s  ful ly  detai led during t h e  i n i t i a l  
months of Task 11. Figure B-2 shows the  assembly drawing par ts  list,  
and operational requirements fo r  t h i s  switch. 
documentat ion (engineering sketch-type drawings) was submitted under 
separate cover t o  t h e  NASA Technical supervisor. 
completed switch assembly. The design goals and constraints f o r  t h i s  
design were ident ica l  t o  t h a t  of switch SKFE 159 except t h a t  t h e  switch 
would only be p a r t i a l l y  e l ec t r i ca l ly  interchangeable with exis t ing 
switches. The major difference i n  the  switches was  t h a t  an electrglnic 
module u t i l i z ing  a l i g h t  emitting diode and l i g h t  sensi t ive t r ans i s to r  
and a relay replaced the  microswitches, and t h e  switch end of the 
actuator-plunger was machined t o  create a vane t o  block the  opt ica l  
path. 
a discussion of t he  electronic  design and packaging. 
A complete set of 
Figure B-4 shows t h e  
Because of t h e  similar designs, t h i s  sect ion w i l l  be l imited t o  
The electronic  assembly, (printed-circuit (pc) cards and brackets), are 
shown on drawing SKm 167. The bracket (F/N 1) of welded construction 
was designed t o  provide a mounting fo r  t h e  pc cards and accurately locate  
the  opt ic  elements r e l a t ive  t o  t h e  base of t he  switch and t h e  plunger. 
The electronic  components exclusive of one dropping r e s i s t o r  were located 
on two similarly shaped printed c i rcu i t  cards. 
on t h e  s top p la te  on insulated stand-off terminals. 
The r e s i s t o r  was  mounted 
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After alignment/adjustment of the op t i ca l  elements, t h e  printed c i r c u i t  
cards were conformal coated with polyurethane t o  yuggedize t h e  construc- 
t i on .  pins were u t i l i z e d  t o  maintain the posit ion of t h e  bracket 
r e l a t i v e  t o  the base. 
Dowel 
A general purpose c rys t a l  can s i z e  r e l ay  w a s  mounted on a spec ia l  
bracket (F/N 7) of welded construction. The bracket was  attached 
t o  t h e  base of t he  switch. 
interference with the  r i v e t s  on the  plunger-yoke combination, it was  
necessary t o  loca te  t h e  re lay  a considerable distance above the  base 
of the  switch. 
it was necessary t o  insu la te  the  r e l ay  case from t h e  s t ruc ture  of the  
switch 
Because of space l imitat ions,  and possible 
I n  order t o  satisfy t h e  required AC contact rating, 
The interconnecting wiring between the  relay,  dropping r e s i s to r ,  and 
pc cards was  routed through grommets on the  s top p la te .  
assembly all slack i n  wiring below t h e  s top p l a t e  was eliminated so t h a t  
it was impossible fo r  any wiring t o  be contacted by the moving actuator- 
plunger. Solder connections at  connector and pc board were potted fo r  
s t r a i n  r e l i e f .  P l a s t i c  sleeving was u t i l i z e d  a t  t h e  relay solder 
t erminat ions . 
A t  f i n a l  
The electronic  c i r c u i t  is  shown i n  schematic form on SKEE 169. 
basic  c i r cu i t  has been designed and t e s t e d  f o r  application on S-IB 
stage prevalves and is  documented i n  CCSD technical  bu l le t in ,  TB-E% 
67-48. 
t i on  a re  summarized below: 
The 
Changes t h a t  were needed t o  adapt t h e  c i r c u i t  t o  - th i s  applica- 
Table 2-2 Required Electro-optical Ci rcu i t ry  Changes 
Regulator c i r c u i t  redesign 
The redesigned c i r c u i t  was  breadboarded t o  confirm t h a t  t h e  c i r c u i t r y  
would function as  designed, pr ior  t o  fabr icat ion of the  pc cards, 
B. Fabrication - "he subst i tut ions were t h e  same as those needed during 
fabricat ion of SKEE 159, and discussed i n  2.3.1.1.B. 
C.  Assembly. The desired spacing between opt ica l  elements of 0,055 $- .005 
inch coupled with the  actuator-plunger vane thickness of 0.031 complicated 
t h e  assembly process. The vane thickness was a l t e r ed  t o  approximately 
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0.020 inch. 
i s  desireable. 
An opt ica l  element spacing of 0.100 inch minimum 
2.3.1.3 Proximity Switch, SKEE-161 
The proximity switch, manufactured by ElectroSonic  Control required some 
modifications t o  an exis t ing switch design. 
c i rcui t  changes t o  provide operation at  a lower ambient temperature, and at 
different  input voltages, u t i l i za t ion  of a hermetically-sealed relay, and 
repackaging. 
These modifications consisted of 
A .  
B. 
0 
Switch Design. 
the  switch, t h e  wiring diagram, and the  operational requirements. Since 
t h i s  switch was not designed by CCSD, no additional documentation was  
supplied. Figure B-5 shows the  completed switch assembly, During t h e  
i n i t i a l  th ree  months of Task 11, t h e  vendor completed his redesign/ 
repackaging e f fo r t  a 
Figure B-3 appendix B, shows t h e  outlint? dimensions of 
Fabrication/Assembly. 
completely enclosed welded enclosure as was  desired f o r  t he  KSC 
environment. The problem w a s  encountered because a metzl l ic  p la te  over 
t h e  sensing face of t h e  device grea t ly  reduced t h e  sensing sens i t iv i ty .  
Various metals were t r i e d  without success. 
l e s s  effect on sens i t iv i ty ,  however welding problems prevented t h i s  
approach. Finally, it was  agreed t h a t  one s ide  of t h e  switch (containing 
t h e  sensing face) could be non-metallic. Epoxy was u t i l i z e d  on t h i s  face, 
and had no effect on sens i t iv i ty .  
The vendor was unable t o  build t k i e  switch using a 
Extremely t k i n  plates  had 
Low temperature compensation was another problem area w.d ult imately 
each device was  individually compensated using component values 
selected during t e s t ing .  
The vendor was  unable t o  procure t h e  desired s t a in l e s s  steel, hermetic- 
sealed connectors due t o  a schedule problem, and CCSD aLthorized t h e  
hot tin-dipped connector which does not have t h e  desired. corrosion 
resis tance.  
2.3.2 Desipn Verification Testing 
2.3.2.1 General 
The design ver i f ica t ion  t e s t  program consisted of both functional and 
environmental t e s t s .  The purpose of t h e  tests w a s  t o  ver i fy  tha t  t he  
candidate switches can meet t h e  design requirements. 
A detai led t e s t  procedure, CCSD t e s t  procedure TP-RE-69-219 en t i t l ed  
"Procedure for  Design Verification Tests fo r  Improved Universal Position 
Switch f o r  Launch Complex 39 Service A r m  Application" defined t h e  
procedures, t o  be followed during. tes t ing.  
NASA-KSC f o r  approval pr ior  t o  in t i a t ion  of tes t ing .  
The procedure was submitted t o  
The t e s t  sequence and specimen assignments were as follows i n  t a b l e  2-3. 
Table 2-3. Sequence of Tests and Specimen Assignment 
I n i t i a l  Func- 
2.3.2.2 Test Results 
A. 
B. 
General - CCSD technical  report  TR-RE-69-240 en t i t l ed  Wesign 
Verification Test Report f o r  study t o  Develop an Improved Universal 
Posit ion Switch f o r  Launch Complex 39 Service A r m  Applic:ator", documents 
t h e  complete t e s t  program, and contains all. t e s t  data. 
summary of the  t e s t  r e s u l t s  fo r  each switch, i s  presented i n  t h e  
following paragraphs ~ 
A br i e f  
This report was subrmtted under separate cover. 
SKEE 159 - Test Results /. During i n i t i a l  functional t e s t s  t h e  switches 
exceeded a l l  requirements except f o r  S/N 102 which did not meet t he  
4 l b  res tora t ion  force requirement (probably caused by excessive wiper 
f r i c t i o n )  During vibration, both samples f a i l e d  and were inoperative 
after t e s t .  Disassembly, and f a i l u r e  analysis indicated. t h a t  t he  Micro- 
switches had sh i f ted  r e l a t i v e  t o  t h e  mounting bracket. 
t e s t i n g  wi th  cover removed, revealed movement of t he  microswitches 
r e l a t i v e  t o  t h e  actuator-plunger at c r i t i c a l  frequencies. Corrective 
actions consisted of increasing t h e  s tep  on t h e  actuator-plunger from 
0,020 inch t o  0.030 inch t o  accommodate t h e  r e l a t i v e  motion, and 
etching t h e  s t a in l e s s  s t e e l  bracket t o  obtain b e t t e r  adhesion with 
epoxy. 
switches without any sign of  contact cha t te r ,  
Vibration 
Vibration t e s t i n g  was then s a t i s f a c t o r i l y  completed on r ebu i l t  
After t he  10-day humidity temperature cycle t e s t  of switch S/N 101, it 
did not meet insulat ion resis tance requirements and the  r o l l e r  wheel on 
t h e  plunger was badly corroded. Investigation revealed t h a t  an improper 
s i z e  O-ring had been in s t a l l ed  on the  switch, and t h a t  a. s t a in l e s s  s t e e l  
r o l l e r  wheel had not been purchased, After correcting these errors ,  the 
t e s t  was  repeated on Switch S/N 102, and it met a l l  requirements. 
After t h e  salt fog test ,  the  actuator-plunger of switch S/N 102 had a 
tendency t o  s t i c k  i n  the  depressed condition, and the  switch f a i l ed  t o  
meet t h e  restorat ion force requirement. It i s  fe l t  t h a t  t h i s  tendency 
t o  s t i c k  was 9 f e s d t  of t h e  subst i tut ion of Nylon i n  place of Teflon fo r  
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t he  wiper. 
moisture; arid does not have the lubricat ing properties of 
The Nylon i s  hygroscopic arid tends t o  swell a n e r  absorbing 
During l i f e  t e s t ,  a f t e r  only 1600 cycles of controll ing a 3 ampere, 
115 volt  60 Hx load, t he  contacts of one Microswitch of S/N 101 welded 
and became inoperative. 
i n  a similar manner a f t e r  a t o t a l  of only 2200 cycles. When the  
manufacturer of t he  switch was contacted regarding t h e  f a i lu re s ,  it was 
learned t h a t  t he  switch has a r a t ing  of 3 amperes at 28 VDC and 115 
Volt/qOO Hz, but i s  not recommended f o r  use on 60 Hz applications.  
Microswitch does not manufacture a switch i n  t h a t  s i ze  and configura- 
t i o n  which has a 60 Hz switching capabili ty.  
mechanically fo r  the 50,000 cycles, i n  s p i t e  of t he  e l e c t r i c a l  contact 
f a i l u r 9  t o  determine the  mechanical l i f e  of t he  switch on t h i s  sample 
with t h e  operate force applied at  an angle of 30" from the  normal. 
mechanical performance w a s  sa t i s fac tory .  
completed 39,400 cycles of' l i f e  t e s t  before an in te rna l  
became e r r a t i c .  This Microswitch was controll ing a 3 ampere-28 VDC 
r e s i s t i v e  load. Disassembly a f t e r  t e s t  revealed no evidence of 
excessive wear, or  fa t igue or1 e i the r  switch, The bearings appeared 
i n  excellent condition. 
The contacts of t he  other Microswitch f a i l ed  
This switch was operated 
The 
The other switch ( S f N  102) 
C. SKEE-160 Test Results - Both samples met a l l  requirements at, i n i t i a l  
functional t e s t  except f o r  pre-travel. 
adjustment ( f a i l u r e  t o  allow fo r  increased thickness of a subs t i tu te  
laminated bumper), both switches had l e s s  than the  0.20 inch m i n i m u m  
pre-travel. 
Due t o  am improper i n i t i a l  
The switch met a l l  requirements during input voltage var ia t ion  t e s t .  
During vibration, S/N 202 w a s  subjected t o  some abnormal. conditions 
when the  h e l i c o i l  i n s e r t  on the t e s t  f k t u r e  i n t o  which the  switch 
was threaded, became loose. 
operative,  After disassembly, inspection revealed a brcken in te r -  
connecting wire on a pc card, and cracked welds on the  electronic  
cket. This sample was then removed from fur ther  vibrat ion 
tes t ing ,  because the  bracket could not be repaired without rebuilding 
the  en t i r e  e lectronic  module. 
Shortly afterward the  switch became in- 
The other switch successfully completed sinusoidal and random r ibra t ion  
t e s t i n g  i n  two axes, but f a i l ed  during random v i b r a t i  n t e s t i n g  i n  the  
f i n a l  a x i s .  After disassembly, inspection revealed t h a t  a re lay  contact 
terminal had fractured at t he  yelay header, Additionally it was noted 
t h a t  a c o i l  lead, ins ide  the  relay, had broken near t he  l o  
it i s  welded. It was  f e l t  t h a t  t h e  f a i l u r e  was  caused because t h e  re lay  
had been subjected t o  excessive vibrat ion l eve l s  during t h e  tes t .because 
of bracket resonance, 
Similar ly  as was experienced on t h e  mechanical switch, an incorrect  s i z e  
O-ring had been in s t a l l ed  on the  electro-optical  switches, and switch 
S/N 202 w a s  not functional a f t e r  t h e  10-day humidity-temperature cycling 
t e s t ,  Disassembly revealed tha t  a high resis tance path had formed as a 
r e s u l t  of e l ec t ro ly t i c  corrosion of diss imilar  metals. After i n s t a l l i n g  
the  proper s i z e  O-ring, t h i s  10-day t e s t  was  repeated on switch S/N 201, 
and it met all requirements. 
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Both samples performed s a t i s f a c t o r i l y  i n  l i f e  tes t ing .  
t h e  r e l ay  i n  switch S/N 201, which controlled a 3 ampere, 120 volt ,  
60 Hz load began operating in te rmi t ten t ly  after 47,300 cycles (require- 
ment is f o r  10,000 cycles of operation). Similarly as  f o r  the  mechanical 
switch, one of t h e  switches was  subjected t o  a 30" s ide  load during t h e  
t e s t .  
One contact of 
There was no evidence of any unusual wear or fa t igue  a f t e r  t e s t .  
beasings appeared i n  excellent condition. 
The 
D. s~a-161 Test Results. During the  i n i t i a l  func t i  n a l  t es t ing ,  one of 
t he  two proxjmity switches (S/N 1) had generally unpredictable 
charac te r i s t ics .  
on i t s  sens i t i v i ty ,  The other switch (S/N 2) performed sa t i s f ac to r i ly .  
During input voltage var ia t ion t e s t ing  (18-36 VDC) swiitch (S/N 2) 
marginally f a i l e d  t o  meet t h e  repea tab i l i ty  requirements at t h e  voltage 
extremes. 
approached the  accuracy of t h e  t e s t  set-up. 
Surrounding metal l ic  objects had a s igni f icant  e f f ec t  
However the  reported s h i f t  i n  operate point 0.018 inch ma;rcimUm 
A t  bow temperatwe, a s ignif icant  s h i f t  i n  operate point of 0.080 inch 
was observed f o r  S/N 2,  
ment of 0.007 inch maximWn deviation. 
t he  switch met a l l  requirements. 
This fail t o  meet t he  repeatatvility require- 
A t  t h e  high' temperature extreme, 
During vibrat ion t e s t ing ,  several. of t he  mounting flanges on switch 
S/N 2 fractured. 
specimen, Mounting s t raps  were improvised t o  secure the  switch fo r  t h e  
remaining vibrat ion t e s t s .  
t he  switches s a t i s f a c t o r i l y  completed vibrat ion tes t ing .  
This was  not Panexpected considering t h e  mass of the  
With t h e  exception of t h e  broken flanges, 
A t  about this time i n  t h e  t e s t  pro 
S/N 1 could be made t o  perform i n  a fairly predictable and s t a b l e  manner 
by placing a ferrous & inch diameter bolt  across t h e  bottom of the  
sensing face. 
am it was  discovered t h a t  switch 
This technique was u t i l i z e d  i n  remaing tests. 
Humidity temperature cycling t e s t s  were performed on bot t  sample of 
SKEE-161. 
t ha t  t h e  switch would be constructed with a completely welded enclosureo 
This tes t  was added t o  the  procedure when it became necess 
a non-metallic face. 
temperatwe cycling t e s t ,  but S/N 2 had low insulat ion resis tance and 
operated very unstableby immediately a r t e r  t he  t e s t .  
out I '  t h e  switch performed s a t  i s  f ac t  o r i l y  
revealed a small  break i n  t h e  case flange. 
the  switch a t  t h i s  break and caused the  e r r a t i c  operation. 
I n i t i a l l y t h i s  had not been planned, when it was believed 
S/N 1 s a t i s f a c t o r i l y  completed t h e  10-day humidity- 
Later when "dried- 
Subsequent invest igat ion 
Moisture apparently entered 
During l i f e  t e s t ,  both samples operated 50,000 cycles with only a minor 
degradation of insulat ion resis tance noted i n  the  sample S/N 1, 
reduction of insulat ion resis tance s a t t r ibu ted  t o  the  re1 ich was  
controll ing a. 3 ampere, 115 vol t ,  60 Hz load. 
This 
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2.3.2.3 Analysis of Test Results 
S m  159 1. The switch does not have t h e  required 
l l 5  vclt/60 Hz contact ra t ing  
1. The r e l ay  mounting method has inadequate 
vibrat ion capabi l i ty .  
2. The electronic  support bracket has 
marginal vibrat  i n capabili ty.  
1. Er ra t i c  behavior of one of two samples. 
2. Fracture of mounting flange i n  vibrat ion 
3 .  Moisture penetration i n  humidity-temperature 
cycle tes t .  
4.  Failure  t o  meet repea tab i l i ty  requirements, 
- 
SKEE 160 
* 
SKET3 161 
A summapy of the  t e s t  r e s u l t s  on all switches i s  presented i n  t ab le  A-3 
appendix A .  
Aside from problems encountered because of materials subst i tut ions both 
in ten t iona l  and accidental, and minor adjustment problems which are 
typ ica l  of f i r s t - run  production item, t h e  major problems uncovered during 
t e s t i n g  are summarized i n  t ab le  2-4. 
Table 2-4. Design Deficiencies Determined by Testing 
I n  s p i t e  of t he  overa l l  generally sa t i s fac tory  performance of t h e  mechanical 
.switch, t he  i n a b i l i t y  t o  meet t he  60 Hz contact r a t ing  necessi ta tes  replace- 
ment with another switching uni t .  The tes t ing ,  however, did confirm t h a t  
t he  actuating mechanism is capable of providing t h e  improved xechanical 
character is t ics ,  such as side-load capabi l i ty  and increased pre-travel and 
overtravel e 
Similarly t h e  electro-optic switch generally met a l l  requirements except 
f o r  vibration t e s t .  
l ikelihood of f a i lu re s  as a r e s u l t  of vibration is  needed. 
confirm t h e  extremely repeatable performance of an e lec t ro-opt ica l  switching 
device, and did ve r i fy  the  c i r cu i t  changes made t o  adapt t h e  c i r cu i t ry  t o  
t h i s  application. Also, similar t o  t h e  mechanical switch, t he  testing: 
confirmed t h e  design of t he  actuating mechanism and the a b i l i t y  t o  provide 
improved mechanical charac te r i s t ics .  
The proximity switch performance was  generally qui te  sa t i s fac tory ,  
from the ebvious need f o r  heavier flanges, it appears t h a t  t h e  other t e s t i n g  
anomalies could be corrected or  eliminated by improved manufacturing and 
qual i ty  control techniques. 
A b e t t e r  method of mounting t h e  r e l ay  t o  minimize t h e  
Tine t e s t i n g  did 
Aside 
2.343 Definition of Modifications -& Correct Desim Deficiencies 
I n  view of t h e  i n a b i l i t y  of any of the t e s t  candidates t o  meet all design 
requirements, action was  i n i t i a t e d  by CCSD t o  define the  modifications 
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required t o  enable the  switches t o  meet t he  design requirement, 
agreed t h a t  these modifications should be incorporated t o  t h e  extent feas ib le  
i n  one sample each of switches SKEE 159 and S E E  160. 
modification No. 2) w a s  t o  be accomplished by refurbishment of exis t ing t e s t  
samples a 
It was then 
The change (contract  
2.3.2.1 SKEE 159 Modifications 
The f a i l w e  of t h e  Microswitches t o  meet t h e  60 Hz contact r a t ing  necessitated 
replacement of t h e  switching units.  It was  determined t h a t  a miniature, 
hermetically sealed switching uni t  , part  number 10AT17-01, m u f a c t w e d  by 
the Klixon Controls Division of Texas Instruments Incorporated had t h e  required 
contact ra t ings.  
res is tance (65g). 
physical charac te r i s t ics ,  a method of adapting t h i s  switch t o  t h e  exis t ing 
SKEE 159 configuration was developed which would supply the desired improved 
operating charac te r i s t ics .  Figure B-6 shows an assembly drawing and par t s  
l i s t  f o r  t h i s  redesigned switch, 
Complete documentation was supplied t o  the  NASA Technical Supervisor under 
separate cover. 
Additionally, the switch had a much higher vibrat ion 
After a detai led examination of t he  switch operating and 
It has been ident i f ied  as SKEl3 159B, 
The switch actuating mechanism i s  iden t i ca l  t o  t h e  SKEE 159 except f o r  the  
modification t o  the  actuator-plunger. Actuation of t he  swi-xhing units i s  
accomplished when the actuator-plunger i s  depressed su f f i c i en t ly  t o  cause 
the  b a l l  (F/N 24) t o  exert  force on t h e  actuator of the  swi'xhing uni t .  
switching unit during the  pre-travel length of t h e  actuator-plunger, A 
self-aligning bearing (F/N 33)  i s  located immediately below t h e  switch 
mounting block (F/N 7) t o  maintain t h e  r e l a t i v e  posit ion of t h e  actuator- 
plunger and t h e  switching uni ts .  A self-aligning bearing w a s  selected t o  
simplify the  instal la t ion/ad justment of t h e  switch assembly, 
or-plunger is  designed t o  provide clearance between t h e  b a l l  and 
The basic  snitching un i t s  have ex14ernal threads.  
adjustments have been made, the  switches a re  secured with a Jam nut and 
loc- t i te  e 
After t h e  proper 
A switch mounting block i s  attached t o  t h e  p la te  (F/N ll) 
t o  the  guide rods by jam nuts. 
ich i s  attached 
2.3.3,2 SKEE 160 Modifications 
I n  modifying the  op t i ca l  switch t o  provide increased vibration resistance,  
t h e  approach selected consisted of attaching the  various support brackets t o  
a s t i f fened  s top p la te .  With t h e  electronic  bracket and re lay  support bracket 
attached t o  the  s top p la te  i n  addition t o  t h e  guide rods, a mutually s t ab i l i z -  
ing e f f ec t  under vibrat ion would be obtained. 
A i  
Since t h e  switch modifications were ra ther  exbensive it was feas ib le  t o  modify 
the  electrical .  c i r c u i t r y  t o  meet the  desired 18 t o  36 VDC input voltage 
capabili ty.  (CCSD had not been informed of t h i s  requirement u n t i l  after the  
electronic  c i r c u i t s  board fo r  t he  SKEE 160 switches had already been designed 
and ordered. Consequently t h e  capabi l i ty  of t h e  SKEE 1 6 C  Switch was f o r  an 
input voltage range of 18 t o  30V.) 
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Figure B-7 shows an assembly drawing and par t s  l i s t  for  t h i s  redesigned 
switch. 
supplied t o  t h e  NASA Technical Supervisor under separate cover. 
It has been ident i f ied  as SKEE 16m. Complete documentation w a s  
The switch actuating mechanism i s  iden t i ca l  t o  the  SKEE 160 switch. 
e lectronic  support bracket is  a sturdy sheet metal bracket. 
printed c i r c u i t  cards a r e  attached t o  t h e  bracket and adjusted, dowel pins 
a re  u t i l i z e d  t o  secure the  posit ion of the bracket r e l a t i v e  t o  t h e  base and 
stop p la te  respectively.  
assembly is  completely potted wi th  t he  exception of the opt ica l  elements. 
The 
After t h e  
After i n s t a l l a t ion  on t h e  bracket, t he  pc card 
The re l ay  i s  mounted inverted on spacers. A longer spacer extends t o  the  
s top p la te .  Standard screw insulators  a re  u t i l i z e d  t o  insu la te  t h e  r e l ay  
flange from t h e  s t ruc ture  of  t he  switch. 
t he  switch t o  provide posi t ive l a t e r a l  r e s t r a i n t  f o r  t he  top  of t h e  relay. 
The r e l ay  header is  potted t o  provide s t r a i n  r e l i e f  and moistawe protection 
f o r  t he  wires connected t o  the  relay.  
e l e c t r i c a l  c i r c u i t r y  is  shown i n  f igure B-10. 
Potting i s  u t i l i z e d  at the  base of 
A schematic diagram 01’ t he  redesigned 
2.3.3.3 SKEE 161 Modifications 
A reduction i n  t h e  volume of these switches would grea t ly  enhance i t s  u t i l i t y .  
A package s i z e  of 2 x 2 x 3 inches was  discussed with the  vendor, and they 
have sa id  it would be feas ib le .  
2.3.k --.--- Fabricat ion arid Testing of Redesimed Switches 
2.3.4.1 Redesigned Mechanical Switch 
The modifications described i n  paragraph 2.3.3.1 were incorporated t o  t h e  
extent f eas ib l e  i n  switch S/N 102. Because of t h e  l imited mount of time 
available f o r  the  incorporation of modifications, and the need t o  limit 
expenses, it was riot possible t o  include all desired improvenents. 
B-8, Appendix B, presents an assembly drawing and par t s  l ist  f o r  t h e  
refurbished switch e It has been designated SKEE 159A. 
f o r  t h i s  switch w a s  furnished under separate cover t o  the  NASA technical  
supervisor. 
The deviations from the  desired redesigned configuration (SKEE 159B) include 
t h e  following: 
Figure 
Complete documentation 
A. Wiper - Nylon wiper was u t i l i z e d  i n  place of Teflon. 
B. Springs - Cadmium-plated were u t i l i zed  i n  place of s t a in l e s s  s t e e l .  
C. Roller wheel - 3/8 inch diameter i n  place of  a 1/2 inch dia. 
D, Switch mounting block - width had t o  be al tered.  
E. 
F. 
Stop p la te  - Constructed of two thinner  s top p la tes  rkveted together. 
An aluminum support p la te  w a s  u t i l i zed  on the  self-aligning bearing 
i n  place of s t a n l e s s  s t e e l .  
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A t  f i n a l  assembly, it w a s  discovered t h a t  a s t a in l e s s  s t e e l  e l e c t r i c a l  
termination on one of the  Klixon switches had not been tin-plated, and 
it was not possible t o  
a repair  w a s  attempted which consisted of fastening a terminal, t o  which 
a wire could be soldered, t o  t h e  termination on t h e  Klixon switch. During 
repa i r  t h e  termination on the  Klixon switch loosened s l igh t ly  but rendned  
functional. During the  subsequent pottirig operation, additional handling 
of the  terminal aggravated t h e  condition. After pott ing the  switch would 
not function properly. 
e a proper solder connection. Ultimately, 
Except f o r  t h i s  problem due t o  the  wrong terminal f inish,  the  assembly and 
adjustment was much simpler fo r  t he  redesigned switch. 
t o  soldering, t h e  switches met the  operational requirement f o r  pre-travel, 
d i f f e r e n t i a l  t ravel ,  overtravel, and simultaneity. 
During t e s t i n g  pr ior  
2.3.4.2 Redesigned ElecCro-optical Switch 
The modifications described i n  paragraph 2.3.3.2 were incorporated t o  the  
extent feas ib le  i n  switch S/N 201. As fo r  t h e  mechanical switch S E E  159A, 
it w a s  not possible t o  incorporate a l l  desired improvements. Figure B-9, 
Appendix B, presents an assembly drawing and par t s  l i s t  fo r  t n e  refurbished 
switch which has been designated as SKEE 160~. 
the  refurbished switch w a s  furnished under separate cover t o  the NASA 
technical  supervisor. 
Deviations from the  desired redesigned configuration ( S E E  163B) include the  
wiper, spring, and r o l l e r  wheel deviations t h a t  were also present on the  
refurbished mechanical switch, and t h e  following: 
a. 
Complete docunentation f o r  
Stop p l a t e  - The tabs  on the  new stop p l a t e  were bent i n  the  wrong 
direction. (manufacturing e r ror )  
b. The top  spacer which secures t h e  r e l ay  should have a #4-40 thread i n  
place of #6-32 at the  re lay  flange. 
c. Soldering of components t o  pc cards by non-production personnel 
necessitated la rger  potted module. 
The assembly of t h i s  switch was simpler than t h e  previous version, since 
the  op t i ca l  spacing had been increased t o  0.1 inch. 
After assembly, exclusive of welding the  cover t o  t h e  base, the  refurbished 
switch was  t e s t ed  t o  ve r i fy  proper operation. 
f ac to r i ly  and met a l l  requirements including operation with 18-36 VDC input 
voltage var ia t ions,  
The switch ope-ated satis- 
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Table A-1. S m r y  of Switch Charac t e r i s t i c s  
- 
D E  E N  
Am 
RSTRUCTION 
PUWCTIONkG 
B1BCTRIlXL 
PERFORIUWCE 
EKISTIW SYSTEM FWUIREKUfTS Foil 
SERVICE AR'4 SWITCHEj 
ITEM 
OF UNIVERSAL SWITCH - 
kINTAXN4BILl'lY AND Not specif ied Free frm maintenance 
ALIBRATION 
NTF,RCtUi+C:WLBILiTYWITHO~ Not specif ied Interchangeabi l i ty  without ca l ib ra t ion  
ALIBRATION 
I I 
3/(r inch through-hole i n  mounting p l a t e  with 
k e y r a y .  
Direct  actuated switch: 3/1 in .  through-hole 
i n  mounting p l a t e  without key ray .  
Proximity sni tch:  3/4 i n  through-hole i n  I I mounting p l a t e ;  or surface m a m t .  I 
Grades A,B,C,D apphed  111 accord with KSCSTD- Direct actuated switch: Basic s n t c h - k a d e  A I Actuator - Grads A.B.C. 
CTMTION Direct actuated switch: mobile ball-plunger; 
ot ions;  maximum angular range of approach i s  
t a rge t ;  
Haximum angle  of approach: - 90 d e g n e s  
W T I O N S  Connector, i n t eg ra l ly  mounted (KSCSTD-131) Passive sni tch:  to mate with !B3106-U-66 
Active switch: t o  mate with US3106-X)-75 
)IISICAL COHFEURATION One piece (sensor/controysnitch/connactor) One piece 
Singla  pole double t h r a  (SPDT) for majority 
and double pole double t h r a  (DPRT) 
No requirsment 
--_.-__. ---.- 
Passive sni tch:  zero 
CNTACT ARWLNCMWFT 
I 
YSUUTION RESISTANCE 20 megohms minimum at 500 V . E .  20 megohms minimum a t  500 V.X. 
I I 
IEIETRIC STRBlCTH N o t  apecif ied Less than 1 milliampere leakage at  lo00 V.R% 
(MilS-8sO5B) 
I 
Interchange requires  E a l i b r a t i m  Imprwsment 
Improvement t 
t i m  Of a l l  hig 
metals within 
snvironasnts  
Not appl icable  
Connector t o  mate with Ks 3106-U-7S and No change 
YS3106-14-68 
One piece Bo change 
a b i l i t y  t o  npLu m s  nr i t ch  with Dnother of t h e  -e tm. 
-.  . 
Table A-1 .  Sumary & Switch Charactsristics(cmtimrrd) 
SBNSIM: DISTANCS 
DIFmWHTIAL TRAVEL 
Not spec i f ied  Prmimity snitch: a t  l e a s t  0.75 inch but not N o t  appl icable  Imprarmt 
Not specified 
g r e a t e r  than 1.25 inch 
Direct actuated switch: 0.010 lnch maximum 0.005 t o  0.05 inch 
(mechanical) 
kpmr- 
M m c t  actuated switch: 0.010 inch maximum N o t  appl icable  Imprm.ant 
(Elect-tical 
Rmdmi ty  snitch: unlimited, I a t e r a U y ;  Not appl icable  W W . l m t  
0.75 in. mnxismm, axially. 
I 
ACTUTION, AXIAL Not spec i f ied  M m c t  actuated switch: 6 lb .  weight min. 6 lb .  Wight  minimm no ch.aL. 
P r o d m i t r  switch: no force  nauired 
1 APPRCUCH. (40 deg. frop normal I I PrmPmlty svitch: no force  d s t s .  Not applluble -t 
S t a t u s  of reauirearsnt at this 
date: tests are  opsrationol.  
-1 or graa te r  than qrst.em Fawimment. 
dURVtY OF CANDIDATE SdITCHE.5 
..L.___ 
TABU A-2. 
.JGMFIC$JC FWLTURt.3 
UTRICA 
XNTACTS 
1 
ZiGl OPERATION - 
kqu i re s  modificatim t o  incornorate: SST CPIIC, 
i n t q r a l  connector. DmT cmtacts ,  increase 
i n  cmtac t  ra t ine,  increase in sensinF: distance 
decrease in d l f f e n n t i a l  travel. Requires vibra 
t i m  study. This candidate is considered orc- 
nisiny(. 
Requires change t o  operating character is t ics .  
&cause of high C 0 S t  of NO. l l l7-1 vhich is 
nrersnt ly  wed together with our study con- 
s t r a in t s  of d m  and cos td the  avai labi l i ty  of 
other avenues of annraach, th1s candidate is 
lot  considered n r d s i n g .  
Temperature range: -50 to  .25L Deg. F. 
Sensmg: Adjustable k t 0  inch 
n t i d  t ravel :  2 times sensing distance. 
ver t ravel  farce (on case m u t i n g ) .  -. 
d1117 - Ret rave l  U.ob in . ;  d i f ferent ia l  t ravel  ~ . 6 5  in .  
Over t ravel :  L . l 8  i n .  35 l b .  
minimum reqxired speed' 3 m / s e c .  
$1172 - Ret rave l :  0 . 6 5  in .  
~ v e r  t ravel :  1.185 in .  35 l b .  
Other character is t ics :  Same as $1117 
. . . - 
Repeatability: 0.0025 
AC Temperature: -4 t o  167 Deg. F. 
t o  sensing: 3/8 t o  5/8 in. 
,o VAC Response: 1 millisecond 
. . . 
,A Tenperature: -65 t o  +25L Deg. F. 1 kqui re s  change t o  o n e r a t w  character is t ics  and constroction. Tins candidate i s  eonsidsrsd premising. . .. .. .. - _I--- -  
I Temperature: 16 t o  120 Deg. F 
Response: 25 Ms 
i.1-m range: Opposed: 2 i n . ;  Reflected: 3/8 in .  1 Optic arrangemeats emosed t o  nmvaibne l igh t  ambient c m d i t i m s  are not suitable. enclwed ontics a m  d e v a l o d .  This candidate i s  not considered .oradsing. 
Because of t he  mounting constraint, 
candidate is not considered pmnirjng. 
NO 
t h i s  
h s t a l l a t ion  
i s  cmmlex. 
Costly. 
Operation 
limited t o  
: 30' of 
ver t ical .  
system is 
C O n n l e X .  
Costly. 
- -. - . . . . - .. - - .. . 
4 Temperature: Not determined 
Response: 4.5 Ms 
Sensing: Not determined 
Di f f e ren t id  t ravel :  -. ___ 
- 1 pvo C i r E l c  
Ine circlc 
md use 
'day. 
iPDT 
)&ermine, 
'y relay. 
___. 
jpDT 
__ 
L N.O. 
L N . C .  
- -. 
letermine 
,y relay. 
Requires modification t o  minaturized one niece 
query m dsvelonnent. 
design. NO affirmative resnUl3B was made t o  
This candidate i s  
not cmsidered n d s i r q .  
:lay Repeatability: Not determined 
Temperature: -2U t o  196 Deg. F. 
sensing: (nomind) 1/2 in. and 3 / ~  in. and 2 m. 
Life: One b i l l i on  cycles. 
ho.mach .mer. 
BCbnamiCPl. 
No &der. 
long l ife.  
Fast resnms< 
Versat i l i ty  
of sensor 
instal la t ion 
High environ. 
mental 
capability. 
versat1uty 
of sensor. 
No resnonse was received a f t e r  a follm-un 
telenhone tnquiry. 
considered nrcmising. 
This candidate is not 
.5A Dc Repeatability: Not d s t s d n & d  
Temperature: Not determined 
;ensing: On 0.W in .  Off 0.160 in .  I ibtine too l C U  Requires relag 
System is 
connlex. 
Costly. 
Characteristics of das im are Iairls c m t i b l  stter- Repeatability: Not deterained 
ined by Temperature: -40 t o  I49 Deg. F 
$lay.  Sensing: 
Different ia l  t r ave l :  
Pcvar t o  switch less than 4 k 
0.275 t o  L.325 i n  dead b d  0.W5 t o  O.fJ3U 
0.005 t o  L.U% i n .  
-. 
I DC Repeatability: Not determined 
!sist. Temperature: Not determined 
S DC Sensing: 
unah 
t o  5/8 in .  Different ia l  3/8 t o  l/32 in. 
Deadband: '1/8 t o  1/16 in. 
Power input: 1 5  t o  25 U 
.. . . . - . . .. . - . . - . .- 
-System i s  
C C m n l e X .  
Reqvires modifications t o  i n c o w r a t e :  5 5 T  
c a e ,  connector, DPDT contacts, and circui t  
c h q e  f o r  28 WC. ?his candidate i s  not 
cmsidered nrcmising. 
Requires modification t o  incornorate: S T  case 
connector, outnut relay, c i r cu i t  change t o  28 
V .  DC. and me niece desim.  
l h i s  candidate i s  not cmsidemd nranising. 
Requires modifieatirm t o  incornorate: SST 
ease, c i r cu i t  change t o  28 MC innut. and one 
niece desim.  No d e v e l m n t  nlamed. 
n u s  candidate is not considered nroariaing. 
___I+___ 
5A DC I Versa t i l i t y  of sensor. System is C O W l e X .  
der -  Repeatability: Not determined 
Lned by Sensing: 1/2 in .  
S l a y .  
Requres modification t o  incornorate: increast 
t r ave l  Characteristics, new 3esim mescnt ly  
i n  test by M a .  
considered vrcmising. 
l h i s  candidate 1s not 
a t ab i l i t y :  Not determined 
es: Actuate 20 0%. Release l oz 
lacerent: Re t r ave l  u.006. D rf 
met lcally 
sealed. Shoc 
h b l e  A-2. Survev of Candidate %&.&s (con t u )  
DmaooIT, 
X C H .  I I 721 'Insealed I Control Pmximity - var iab le  reactance Amrlifier/  b r i q e  senslnf ELECT!W!tIC CCXTROL cow. 
cmo-COIL 
co. INC. 
- 
- 
3030 
- 
652C390, 
300 c 
Ser ies  
Proximity - e l e c t r o  
n a p e t i c  c o i l  - 
reed switch 
Proximity - var iab le  
reactance sensing & 
eddy current princin: 
r 
NEVADA CORP 
Lmsealed 
AmrLifier/ 
Control 
Unsealed 
kmnli f ie=/  
Control 
BUFFALO, N.Y Proximity - var iab le  
reactance sensin? 
WTINCHOUS 
ELgCTRIC 
"ORP. 
:ENEwLL 
COtiTROL DTY 
e r a t i m s  ner second 5 t o  Lo 
LPUIWCX, 
HRSS. 
FS-&PR Proximity - magnetic- 
a l l y  operated reed 
switch 
P l a s t i c  
nackaee 
t u 0  Euc- 
FFlONIC 
PRODLETS 
INC . 
28 WC 18.0. 0.3 A. Sensing distance: 3 / L  in .  
i f  aodified 
3 V.A. c 
j 3 .C .  I Differen t ia l  distance: l/16 inch 
Ambient t e m r a t u r e :  - 1O'C t o  6OV 
ussign uses a red s t a w n .  1% nas nign 
d i f f e m n t i a l  t rave l .  
rnalification and d%v lhis candidate 
is not considered D r  
CLECTRIC CO. 
I 
Thas snatch i s  indnnendently under 
d e v d m a e n t ,  on l w - t e m  lou n r i o n t y  I reactance bridge 
sensing 
b 
b l k o  piece 
u n i t  
rharLcteris t u  
: a t a c t  form. 
b e r a t e  
h r a c t e r i s t i c  
lot s u i t a b l e ,  !e n l w e '  
Non-hermetic 
sea1; la rgs  
t i e s .  ?his c 
b q u i r e s  extensive modification t o  incorporate:  t 
SST' case, i n t e g r d  connector, we niece design, 
minaturizaticm.Candidate i s  not pramising. 
Requires modification t o  orera te  c h a r a c t e r i s t i c  
and case constructicm. This candidate is not 
considered p r d s i n g .  
Requirrs axtensivo ntodification t o  incorporate 
SST ca50. i n t e g r a l  connector, mina tur ia t icar ,  
one piece design. Xanufacturor declined t o  
resnond. 
Non-hermstic ' largo d i f f e r e n t i a l  t r a v e l  is inhsrant  t o  t h i s  
sea&;charac- 'design. 
t e r i s t i o s  un-,rsquirsd t o  c i r c u i t r y  and packaging. 
su i tab le .  is not considered p r c d s i n g .  
System is 
cmplax  
Also extensive modifications a r e  
Candiduts 
__ ~ ~ --- 
Rsquires modification t o  incorporate SST c a w ,  
i n t e g r a l  crmnector, minaturization, MO piece 
design. Manufacturer declined t o  resnond. 
l h i s  candidate is not considered pxwdsing. 
, 
Contrnlo- 
t ron  cow. I 
Table A-2. Survey d Candidate Switches (continued) 
~-I 
Fagnetically a c t u t e d  To be 
d e t e m n e d  I P.O.Bmr L83 N.J. Not d e t e m n e d  
I I 
unkno*n "nkn- Not determined . 
WtrOi t ,  Not Phgnstically actuated Not Unknown unhtwn Unkno*n Not determined 
Klch. ham determined 
t 
Phgnetically actuated Not Unknown Unknown UnknOam Not detsrnined I determined I I I 1 
.ViVi~dwm 1 Eot I EIagnetically actuated Not Unknom Unknwn Unknam Not determined I determined I I I I 
Fumingdalo. I Enam I k g n e t i c a l l y  actuated Not 
N.Y. detsmined  I I I 1 Unknovn Unknwn Unhwn Not determined I 
I I I I I I I I 
unhnm Unknam Linknoun Not determined Nashville, Not Hagnatically actuated Not 
Tsnn . horrn determined 
r is  not i n t e m s t d  in -1 
ac t ion  i n  mccsmmndecl. 
h u f a c t r u r r  has no s u i t a b l e  i t a n  anl is 
unwilling to respmd further. 
i n t s m s t e d  in nspndhlg t o  this st*. 
bLylufacturer states t h a t  thay have no'suitabla 
Kanufaetumr state:, t h a t  they have no suit&& 
pmduct . 
Wanufactumr s t a t e s  t h a t  they have no suitabl4 
nroduct. 
h u f a c t u m r  states t h a t  they have no sui tobl< 
orcduct. 
Requims modification t o  c i r c u i t  and 
packaging. Further study i s  r e c m d s d .  
. TABU A-3 SUPURY OFTEST RESULTS 
PE3.FOHMANCE DLRINC TEST CHARACTFAI3TICS 
PROXIplITY - 18-36 MC 
TYPE SKEE-159 
( KECHAMCAL) 
SKBE-160 SKEE-161 
(ELETRO-OPTIC) (PHOXIMITY) 
NOT APPLICABLE HEPUTABILITY & DIFFWIONTIA 
TRAVU H&UIHWXTS W!HO No 
IUT AT INPUT VULTAGh 
t;xTilExEs FUNCTl'ONAL- 
',.LKTFiICA L 
AFTTEII 16UO CYCLES I N  
LIFE TEST WITH AC LOA 
CONTACTS WELOM 
CHk.AT1 Y b.XCLC3DiD CRMTLY rXCLEDul HkUlkO- 
HUIUIXEMEXTb 
CONTACT RATING/I,IFE 10,000 CYCLES - 3 AMI' 
RESISTIVE AT 28 VDC & 
115v/6aIz 
SIMULTALXTY 1'AA';IVt; %{ITCH - 0.030 INCH tR FSI!;TA NC L: I?PjLNATION 20 WCOHM M I N .  - - . . - .- I SEE HUHIDITY T U P .  CYCLING TESTS - OTHERWIX MET 
I~EUUIHEHEWS 
DIRIET ACTtiATF:D 3J. 
PHOXIMITY S W .  - U.75 TO 
U I X A N C  1,; 1 . 2 5  ItlCIt 
NOT APPLICAhLE 
NVP k1'PLICAlrI.V ONE OF Iw0 SkMI'LL ON 
INITIAL TEST, HA0 UNPlcOUIC- 
TABLE SW3SINC CHAItACTkX1;- 
cRliAT1.Y bXCIalR) MhT REuUIHU4LKpS EXCW 
RFdUIlWGNTS DLRIW INPUI' VOLTAGE 
TEST AT MAX INPUT VOLTAGb, 
NOT AI'I'LICAIIIL 
TYPICAL VALUES IULNCE DIRECT ACTUATED SI. - 
0.010 INCH MAX. 
I'ROXIMITY Ski. -0.015 INCH MA: 
UIFPNIENTZAL 
TNLmL FROM 0.020 t o  6 . L i j D  INCH FUIJCTIONAL- 
OPRMTIONAL - .  - --- . . - __ 
DUE TO IMII10I'I.R 
INITIAL AUJUSTHENT, 
SYITCII D I D  NOT MEW 
HbUlJIHkNKWI bY lC% 
MET rnULRLWS 
NOT APPLICABLE t4kT R&UUlFM,NTS 0Vt.R THAW. DIRECT ACTUATFD SW.- 
0.45 TO 0 . 5 5  INCH _ _  .. 
- 1  INTTIAL 6 LB WITHIN 0.015,INCH OF 
DISPLACWNT "FREE" POSITION 
"PmA- . 
TINC 
F o H c F ~  C t o  25 LE. OI'!IJJLTI: m n c h  
- . . - . . 
FILL 25 LB. MAX. 
O'rnTRAVEL 
- 
NOT AI'PLICAULk 
- 
MET IkUIHtmNTb 
___ -_ - _- - 
M3T ItkkUIHkNNTS NOT At'PLICAbL1; 
~- 
MFT 111 ~UIlIFNENTb NOT APPLICAULL 
=E OF THE SWS'XTU- -; 
I O N  OF NYWN FOR TICFLM.! NOT AITLICAUI E, 
B E A W  OF THE SUBSTITU= 
TION OF NYLON FOB TEFqN 
I N  CONSTRUCTION OF THE 
RESTORATION I ,  LB. HIN. WITHIN 0.015 INCH 
FORCE OF 'SFRE'' PWLTION * 
_. 
PASSIVE S W .  - (1.(14 I N  MAX. 
RWW\TA IjILITY 1,:LWCTRO-OPTIC SI$. - 0.005" N 
PROXIMITY W.- 0.07 I N .  MAX 
TION OF NYL4m FOR TEKON 
I N  COETRUCTION OF THE 
WIPER THE SWITCH D I D  N(II 
m ~ m R 4 E m s .  _ _  
MET RUUIRmT, 
TEST SOT-W hA; NIJT D I D  NUr MEOT Il1'd.INT. 08 
:jkITCH CAI'AUILITY. 
WW TlN'. g 5°F 
- 
HIGI TIJW. 160 'F 
__ 
!iINK;OIDAL - 256 PEAK 
VIEWTION MNWM - 0.225 gz/cps 
( NON-O~WATIONAL) 
HUMIDITY - TPXP 
CYCLING 952  R.H.  - 10 DAYS W " F  TO 160°F 
. . . -. 
NOT TEZTED 
bU?T HUUIRDEWS - 
NO CONTACT CHAlTFX 
DhTECTFD 
ONE %ITCH M o X - u i r M ~ i w M l  
AkTEFt TEST - AND L W  MIX HQUIRPILWT!; 
---- INSULATION RESISTANCL 
MET R E y U I R m S  
COHHOSION ON CAiL SALT FM: 5%. '15 F,  10 DAY 
* The marinurn displacements at which this  force l a  applicable wan defined at the 
conclusion o f  teating. 
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APPENDIX B 
ILLUSTRATIONS 
Figure B-1, Mechanical Switch, SKEE 159 (Sheet 1 of 5 )  
DESIGN AND O P W T I N G  REQUIREMEWS 
1. Termination: hermetically sealed SST s h e l l  t o  mate with MS3106U4S-6Se 
2 .  Sealing: Basic switch i s  hermetically sealed. Actuator assembly i s  
sealed per KSC-STD-131 para. 5.3.2. 
3. Mounting: Plate through-hole with keying. 
4 Contact Arrangement: UPDT 
5.  Material of Case arid Connector: weldable corrosion r e s i s t an t  s t e e l ,  
6.  Actuator Approach (angular range): 0 t o  30 degrees. 
7. Contact Rating: 1 . 5  amperes inductive and 3 amperes r e s i s t i ve  at 
28 Y DC and a t  115 Y AC.  
8, Simultaneity: Deviation less than 0.030 i n .  
9 .  Pretravel:  6.20 t o  0.30 inch 
10. Differential Travel: 0.010 inch maximum 
ll, Overtravel: 0.45 t o  0.55 inch. 
12. A x i a l  Operating Forces: 6 l b s .  weight minimum at  beginning of t rave1  
25 lbs .  weight maximum of t o t a l  t ravel .  
13. Response Time: 30 milliseconds maximum 
. U,. Repeatability: 0.040 i n .  m a x i m u m  deviation 
15. Low Temperature: 5 F f o r  2 hours (KSC-STD-164) 
16. 
17. 
High Temperature: 160°F fo r  72 hours 
Vibration (Non-operational) : Sinusoidal: -10 t o  44 Hz at 0.25 i n ,  DA 
44 t o  2000 Hz at 25 g peak 
Random: -0 e 225 G2/Hz (KSC-STD-164) 
18. Humidity: 72°F t o  160°F at  95 percent humidity 
19. Sand and Dust: 4 hours at 77°F 
2 hours at 160°F 
100 t o  500 cu ft/min (KSC-STD-164) 
20. Salt Fog: 5 percent f o r  240 hours at  95°F (KSC-STD-164) 
21. Explosion: 32 plus OF minus 5 percent by volume of hydrogen 
Pressure: 13.1 t o  15 .1  p s i  (KSC-STD-164) 
L i f e :  10000 a tuat ions (KSC-STD-131) 22. 
Figure B-LMechanical Switch,SKEE 159 (Sheet 2 of 5) 
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Figure B-1. Mechanical Switch, SKEE 159 (Sheet 3 of 5 )  
Figure B - l r  Mechanical Switch, SKEE 159 (Sheet 4 of 5)  
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Figure B-1. Mechanical Switch, SKEE 159 (Sheet 5 of 5) 
Figure B-2, Electro-Optical Switch, SKEE 160 (Sheet 1 of 6) 
, 
P. 
2. 
3. 
4.  
5. 
6. 
7. 
8. 
9.  
10 * 
11 e 
12. 
13 
u. 
1 5 .  
16. 
17 * 
18 * 
19 4 
20 e 
21. 
22. 
DESIGN AND OFTRATING REQ S 
Termination: hermetically sealed SST Shel l  t o  mate with 3106R-I~$S-6S 
Sealing: Relay i s  hermetically sealed; actuator assembly i s  sealed per 
KSC-STD-131 Para.  5 3 e 2 
Mounting : Plate through-hole with keying 
Contact Arrangement : SPDT 
Material of Case and Connector: Weldable corrosion resistant steel. 
Input Parer : 18 t o  30 VDC 
Actuator Approach (angular range) : 0 t o  30 degrees 
Contact Rating: 1.5 amperes inductive and 3 amperes r e s i s t i v e  at 28 V DC 
and at 115 V AC 
Pretravel:  0.20 t o  0.30 inches 
Dif fe ren t ia l  Travel : 0.010 inches maximum 
Overtravel: 0.45 t o  0.55 inches 
Axial Operating Forces: 6 l b s .  weight minimum of beginnirg of t r a v e l  
25 lbs.  weight maximum at t o t a l  t ravel  
Response Time: 30 milliseconds maximum 
Repeatability: 0.005 inches maximum deviation 
Low Temperature: 5°F f o r  2 hours (KSC-STD-164) 
High Temperature: 160°F f o r  72 hours 
Vibration (Mon-operational): Sinusoidal: -10 t o  44 Hz a- 0. in. DA 
4.4 t o  2000 Hz at 25 g peak 
Random: -0.225 G2/Hz (KSC-STD-164) 
Humidity: 72°F t o  160"~ at  95 percent humidity 
Sand and Dust: 4 hours at 77°F 
2 hours at 1 6 0 " ~  
100 t o  5OG cu ft/min (KSC-STD-164) 
Sa l t  Fog: 5 percent f o r  240 hours a t  95°F (KSC-STD-164) 
Explosion: 32 plus or  minus 5 percent by volume of hydrogen 
Life : 10000 actuations (KSC-STD-131) e 
Pressure: 13.1 t o  1 5 . 1  p s i  (KSC-STD-164) 
B-7 
NOTES: 1 
Figure B-2. Electro-Optical Switch, SKEE 160 (Sheet 3 of 6) 
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Figure B-2. Electro-Optical Switch, SKEE 160 (Sheet 4 of 6) 
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Figure B-2* Electro-Optical Switch, SKEE 160 ,(Sheet 5 of 6 )  
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Figure B-2, Electro-Optical Switch, SKEE 160 (Sheet 6 of 6) 
Dimensions ( i n  inches) a r e  maximum allowable. 
Manufacturer: Electro-Sonic Control 
Manteca, Cal i fornia  
Part Number: ESC l-469 
Design and Operating Requirements : 
1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8. 
9. 
10 * 
11. 
12. 
13 
I 4  0 
15 e 
16 ., 
Termination: To mate with MS3106R-US-6S 
Sealing: I n  accordance with KSC-STD-131, para. 5.3.2 
Mounting: Surface Mount 
Contact Arrangement : SPDT 
Material of Case and Connector: Weldable corrosion r e s i s t an t  s t e e l  
Input Power : 18 t o  36 VDC 
Actuator Approach (Angular Range): 0 t o  90 degrees 
Contact Rating: 1.5 amperes inductive at 28 VDC; 3 amperes 
r e s i s t i ve  a t  115 VAC 
Sensing Distance Capability: With minimum thickness of 0.10 inch 
0.75 inches minimum t o  1.25 inches maximum using a ferrous metal t a r g e t  
4 square inches. (Non-ferrous t a rge t  permissible) 
Different ia l  Travel: 0.015 inches, maximWn 
Response Time: 30 milliseconds, maximum 
Repeatability: 0.007 inches, maximurn deviation 
Low Temperature: 5°F f o r  2 hours (KSC-STD-164) 
High Temperature: 160°F f o r  72 hours 
Vibration (Non-operational) : Sinusoidal: -10 t o  44 Hz at 0.25 in .  DA 
4.4 t o  2000 Hz at 25 g peak 
Random: -0 225 G ~ / H z  (KSC-STD-164) 
Humidity: 72°F t o  160°F at 95 percent humidity 
Figure B-3. Proximity Switch,SKEE 161 (Sheet 1 of 2) 
B-12 
17. Sand and Dust: 4 hours at 77°F 
2 hours at  160°F 
100 t o  500 cu n/min (KSC-STD-164) 
18. S a l t  Fog: 5 percent f o r  240 hours at 95°F (KSC-STD-164) 
19. Explosion: 32 plus o r  minus 5 percent by volume of hydrogen 
F’ressure: 13.1 t o  15.1 p s i  (KSC-STD-164) 
20. L i f e  : 10000 actuations ( KSC-STD-131) e 
Q 
---- 
NORMALLY OPEN CONTACT 
Figure B-3, Proximity Switch, SKEE 161 (Sheet 2 of 2) 
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Figure B-4. Mechanical and Electro-Optical Switches 
Figure B-5. Proximity Switches 
Figure B-6, Redesigned Mechanical Switch, SKEE 159B (Sheet 1 of 4) 
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Figure B-6, Redesigned Mechanical Switch, S U E  159B (Sheet 2 of 4) 
I 
I 
-1 
I 
I 
I 
-- 
- __
SATIOSAI. AEROSAUTICS Ahm 
SPACE ADMIXISTRATION 
George C Manhall 
Space Flight Center 
Huntsville, Alabama 
. 
Figure R-6, Redesigned Mechanical Switch, SKEE 159B (Sheet 3 of 4) 
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Figure B-6. Redesigned Mechanical Switch, SKEE 159B (Sheet 4 of 4) 
Figure B-7* Redesigned Eleclro-Optical Switch, SKEE 160B (Sheet 1 of 6) 
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Figure B-7, Redesigned Electro-Optical Switch, SKEE 1 6 0 B  (Sheet 2 of 6) 
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Figure B-7. Redesigned Electro-Optical Switch, S U E  160B [Sheet 3 of 6) 
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Figure B-7, Redesigned Electro-Optical Switch, SIZEE 160B (Sheet 4 of 6) 
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Figure B-7. Redesigned Electro-Optical Switch, SKEE 160B (Sheet 5 of 6) 
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e B-7r Redesigned Electro-Optical Switch, SKEE 16OB (Sheet 6 o f  6)  
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Figure B-8. Refurbished Mechanical Switch, SKEE 159A (Sheet 1 of 4) 
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Figure B-8. Refurbished Mechanical Switch, SKEE 159A (Sheet 2 of 4) 
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Figure B-8, Refurbished Mechanical Switch, SKEE 159A (Sheet 3 of 4) 
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Figure B-8* Refurbished Mechanical Switch, S U E  159A (Sheet 4 of 4) 
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Figure B-9. Refurbished Electro-Optical Switch, SKEE l60A (Sheet 1 of 6) 
m 
I 
w 
I-r 
---- 
PARTS LIST 
DESCRPITON 
- --- 
SATIOSAL AERONAUTICS AND 
SPACE ADMINISTRATION 
George C. Marshall 
Space Flight Center 
Huntsville. Alabama 
Figure B-9. Refurbished Electro-Optical Switch, SKEE 160A (Sheet: 2 of 6) 
PARTS LIST 
Uectro Optical  
%itch A3sa.bly 
SATIOSAL AERONAVTICS A M )  
SPACE ADMINISTRATION 
George C. Marshall 
Space Flight Center 
Huntsville. Alabama 
Bigure B-9, Refurbished Electro-Optical Switch, SKEE 160A (Sheet 3 of 6 )  
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Figure B-Yr Refurbished Electro-Optical Switch, SKEE 160A (Sheet 4 of 6 )  
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Figure B-9, Re€urbished ELectro-Optical St;Jitch, SKEE 160A (Sheet 5 of 6) 
h 
Figure B-9( Refurbished Electro-optical Switch, SKEE 160A (Sheet 6 of 6) 
Ius 
DES 
CRl 
CRZ 
CR? 
CR4 
cR5 
J1 
a 
DBSCRIPTION nPS/P*RT No. DESCRIPTION DATE M R M V  
2- DIODE 5 . 6 V  l N 3 8 2 7 A  
ZFtiFR DIODB 5 . 6 V  lN3827A 
LIMT B(I1TIUG DIODE TlJAll 
G W l W  PURPOSE DIODE M O V  lA 1N645 
ZBNW DIODE 4 7 V  400 rmW i~9n 
c o m m  1 sEALTRON B - ~ w z - ~ ~ s - ~ P S S P ~ ~  
